Coconut husk fiber-based activated carbon was synthesized using ZnCl2. Analytical technique such as SEM was used for the characterization of the developed activated carbon obtained from the carbon husk. Effects of various influential parameters are optimized using the Taguchi experimental design. The optimization of SBET with the percentage removal of 4-nitrophenol, methylene blue and acid red-27 dye were applied as standard responses, the optimized parameters for SBET were activation temperature of 800 °C, concentration of ZnCl2 of 50 % w/v, nitrogen flow rate of 100 cm 3 /min, activation time of 2 h and carbonization temperature of 300 °C. 4-Nitrophenol optimized conditions were: carbonization at 400 °C, impregnation with 5 % w/v ZnCl2 solution and activation at 700 °C for 2 h with nitrogen flow rate of 200 cm 3 /min. Except for the impregnation ratio, nitrogen flow rate and activation time in the case of methylene blue, the ideal conditions of the percentage removals of methylene blue and acid red-27 are almost equal to that of the SBET. The surface characteristics of the samples produced under optimal conditions were examined. There are no pores available in the surface of the coconut fiber compared to the surface of the other two samples prepared under ideal conditions. Moreover, the activated carbons prepared under these optimized conditions contain small amounts of oxygen and have neutral surfaces.
INTRODUCTION
Rapid removal and fast adsorption of various noxious impurities from the aqueous source by commercial activated carbons was one of the most widely used efficient techniques in wastewater treatment. Adsorption using various forms i.e. powder form and granulated forms provide us the efficient results. This is due to the ability of these adsorbents to adsorb a wide range of pollutants with their higher adsorption capacities [1] . Despite the excellent adsorptive properties of these two forms of activated carbons, their use still has some disadvantages, for example, the raw materials commonly used for production of these adsorbents are non-renewable and relatively expensive [1] . Therefore, various studies were carried out for the production of commercial activated carbons using renewable and low-cost precursors. Many conventional methods have been used for the rapid removal of noxious impurities from aqueous solutions, it includes sedimentation, chemical treatment, oxidation, electrochemical methodology [2] [3] [4] [5] [6] [7] [8] [9] [10] biological treatment, reduction, precipitation, membrane filtration, ion exchange and adsorption [11] . Among all the techniques, adsorption was found to be superior over other traditional techniques for water purification and decontamination in terms of initial cost, flexibility and simplicity of design, ease of operation and insensitivity to toxic pollutants [12] . It also does not result in the formation of any other harmful secondary pollutant [12] . So far, researchers have tested many different types of developed adsorbents such as carbon nanotubes [13] [14] [15] [16] [17] [18] [19] [20] , MWCNTs [21, 22] , nanoparticles and nanocomposites [23] [24] [25] [26] [27] , rubber tyre [28, 29] , Corn grain [30] , olive husk [31] , sewage sludge [32] , flamboyant pods [33] , coconut shells [34] , rubber seed coats [35] and pecan shells [36] and other low cost adsorbents [37] [38] [39] [40] [41] [42] etc. are used for the removal of noxious impurities from the aqueous solution. Granulated and powdered activated carbons have slow intra-particular diffusion and difficulties in handling, respectively [43] . Moreover, the regeneration of these two forms of activated carbon is expensive [44] . In addition, the powder use generates fine carbons [45] . 23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39   40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58   2 In contrast, activated carbon fiber has a high surface area, excellent mechanical stability, fast adsorption and desorption rates [35, 45] . Furthermore, it is simple to carry out a batch adsorption [35, 45] . Therefore, activated carbon fibers have attracted keen attention of many researchers as a new adsorbent for the treatment of polluted gaseous and liquid phases [46] .
Fibrous activated carbons were mostly resulted from the carbonization and activation of various types of manufactured fibers [47] [48] [49] [50] [51] [52] [53] . These industrial fibers are commonly expensive [45] . Thus, one of the main negative aspects of the activated carbon fibers is its elevated price compared to commercial activated carbons [53] . Therefore, to increase the functionality and application capabilities of activated carbon fibers, it is recommended that we use low cost materials like natural fibers as precursors for production of activated carbon fibers. According to previous studies, fibrous activated carbons have been produced from piassava fibers [54] , kenaf fibers [53, 55] , cotton stalk [56, 57] , coconut shell fibers [58] , jute and coconut fibers [45] and oil palm fibers [59] . These activated carbons with their surface areas are summarized in Table-1. Coconut fibers cause serious disposal problems for the environment [58] . It is found in excess in the tropical countries like Malaysia [45] . It possesses a low ash content and low cost in comparison with industrial fibers [45] . The conversion of coconut fibers to activated carbon with a BET surface area of about 512-1303 m 2 /g reported previously [45, 58] . Despite these studies, there has been no attempt to carry out, under the optimized conditions required, for production of a superior adsorptive properties and a high-surface-area activated carbon from coconut fibers. Therefore, one of the main aims of this work was to produce activated carbon fibers with high surface area and desired adsorption efficiency from coconut husk fibers.
The adsorption performance normally depends on the morphological, textural and anatomical characteristics of the adsorbent. These properties are affected by the method used during their synthesis, conditions of production and the nature of the used raw materials [53] . Physical and chemical methods are the most widely used method for activated carbon production. Chemical methods have some advantages over physical methods in terms of its lower activation temperature and higher yield [53, 60] . Activation by steam or carbon dioxide increases the oxygen content in the product [61] [62] [63] . The existence of high amounts of oxygen in activated carbon supports oligomerization of phenols on the surface of the used adsorbent [64] . It is reported that oligomerization of phenolic compounds on any adsorbent surface reduces its regeneration efficiency [64] . Therefore, to avoid an increase in oxygen content in the structure of samples produced, a chemical method was selected for this work.
Pradhan and Sandle [65] used HNO3, H2O2 and (NH4)2S2O8 as activation agents for the production of activated carbons. They concluded that the amount of oxygen content on the final product depends on the type and concentration of the oxidizing agent.
Chemical activation by H2SO4 develops acidic functional groups on the surface of the samples produced [66] . In contrast, basic agents such as potassium hydroxide lead to improving the basic functional groups [67] . Acidic functional groups on the surface of any adsorbent have a negative effect on the adsorption capacity to phenols [68] . Oligomerization of phenol and its derivatives can be improved by the surface alkaline groups [68] . For these reasons, acidic or basic agents were avoided in this work.
Ioannidou and Zabaniotou [60] elicited from the previous studies that the activated carbons prepared from nut shells and peanut hulls by activation with potassium hydroxide at 800°C for 1 h and 500-700 °C for 3 h, respectively. These have fewer adsorption efficiencies than that of those produced when, ZnCl2 was used as a chemical agent. Moreover, they also found that the surface area of activated carbon produced from almond shell activated with H3PO4 is less than those mixed with ZnCl2. Thus, ZnCl2 was selected as a chemical agent in this study.
The effect of influential parameters on the characteristics and adsorption efficiency of the prepared activated carbon can be estimated and optimized by using a central composite design or by the Taguchi experimental design method. The Taguchi method has some successful points over the others. For example, in Taguchi method only a small number of experiments are required to investigate a large number of variables. Therefore, the second aim of this study was to determine the ideal conditions for production of coconut husk fibers-based activated carbon using the Taguchi method. The optimal parameters were selected in terms of the highest surface area and adsorption affinity to 4-nitrophenol, methylene blue and acid red-27 dye. The Taguchi method was applied to optimize the experimental parameters for the production of activated carbon from kenaf fibers [55] and cotton stalks [57] . This method was applied here for the first time to investigate the effects of five experimental parameters on the surface area and adsorption performance of the produced coconut husk fiber-based activated carbon.
A L
Coconut fibers were obtained as brooms from a local market in Selangor, Malaysia. A 4-nitrophenol (4-NP) (purity of ≥ 99 %), hydrochloric acid, methylene blue (MB) (purity of ≥ 95 %), acid red-27 dye (AR-27) (purity of ≥ 97 %) and zinc chloride were supplied by Sigma-Aldrich, USA. These chemicals were used as-received.
Preparation of activated carbon fibers: Coconut fiber was repeatedly washed using cold deionized water and boiled for 15 min by deionized to remove dissolved dirt. The sample was dried at 120 °C in an oven for 24 h. 40 g of the dried sample was placed in the quartz tube (length 500 mm, internal . The samples were kept at this temperature for 0.5, 1, 2 or 4 h and cooled in an inert atmosphere until samples reached room temperature. The activated samples were washed once with 1.5 M of HCl solution to dissolve the ZnCl2 and several times with deionized water until the pH of the washing effluent reached 6-7. Finally, the samples were dried at 110 °C over night in an oven. The investigated levels of the experimental parameters were proposed by Taguchi method.
Experimental conditions for the optimization of activated carbon fibers production: The Taguchi experimental design method was applied to optimize the preparation conditions of the activated carbon fiber. In order to determine the consequent optimal values, an L16 orthogonal array with five operational parameters each in four levels (L1-L4) were used. 500, 600, 700 and 800 °C are the four levels for the activation temperature (parameter A). 5, 15, 30 and 50 % w/v are the four levels for concentration of the activation agent (parameter B). The four levels of the nitrogen flow rate (parameter C) are 100, 200, 300 and 400 cm 3 min -1 . The four levels of the activation time (parameter D) and carbonization temperature (parameter E) are (0.5, 1, 2 and 4 h) and (250, 300, 400 and 500 °C), respectively.
According to L16, an orthogonal array design of Taguchi method, 16 samples of activated carbon fiber were prepared as shown in Table- 2. ANNOVA analysis was used to determine the optimal experimental conditions for production of activated carbon with the highest BET surface area, percentage removal of 4-nitrophenol, methylene blue and acid red-27 dye. ANNOVA analysis was also used to estimate the significant factors affecting these four standard responses and to investigate the impacts of the experimental parameters on these responses.
Surface analyzer: The surface area and the porosity of the 16 prepared activated carbon samples were measured by adsorption and desorption of nitrogen at 77 K in a Sorptomatic Automated Gas Sorption System (Sorptomatic Thermo Finnigan 1990, U.S.A.). The surface areas were calculated using a Brunauer Emmet Teller (BET) model. These parameters were determined automatically by using the software available with the Sorptomatic 1990 instrument. To find an acceptable explanation for the results obtained, micropores %, mesopores % and the number of pores for each sample was calculated using the following equations:
where, V T and V mic are the total pore volume and micropores volume, respectively. The effects of some other experimental parameters on the porosity of the prepared activated carbon were also carried out here.
TABLE-2 L 16 ORTHOGONAL ARRAY OF DESIGNED EXPERIMENTS AND THE VALUES OF S BET , 4-NITROPHENOL, METHYLENE BLUE AND ACID-RED-27 FOR EACH SAMPLE OF THE PREPARED ACTIVATED CARBON FIBERS
Chemical composition: To investigate the effect of experimental conditions on the percentage of oxygen which has significant effect on the adsorption performances of the adsorbent, the chemical composition of prepared activated carbon fiber samples were examined using EDX-analyzer (INCA Energy, Oxford Inst).
Characterization of the activated carbon fibers prepared under optimal conditions: The surface morphology of the raw coconut fiber and two selected samples of the prepared activated carbon fiber as well as activated carbon granular (ACG) were examined at magnification in the range of 1000-2000x by scanning electron microscopy (SEM) (LEO 1455 VP, England).
Percentage removal study: 25 mL of solutions of 4-nitrophenol, methylene blue or acid red-27 dye with known concentrations were added to 30 mL amber bottles, each one containing 0.03 g of the prepared samples. The bottles were placed in a shaker and shaken (150 rpm) at room temperature (30 ± 1 °C) for three days to reach the adsorption equilibrium. Then the samples were filtered and the residual concentrations of these compounds in the filtrates were measured by an UV-visible spectrophotometer (Shimadzu, Japan) at 317, 618 and 420 nm for 4-nitrophenol; methylene blue and acid red-27 dye, respectively. The percentage removals of these pollutants were calculated using eqn. 4. Table- Adsorption efficiency: Adsorption performance of the prepared samples were measured by the values of the percentage removal of 4-nitrophenol, methylene blue and acid red-27 dye on the prepared sample of activated carbon fiber. These values are also represented in Table-2. As shown in Table- 2, sample 10 of activated carbon fiber has the highest percentage removal for 4-nitrophenol (99.14), whereas the highest percentage removals of methylene blue (99.63) and acid red-27 (32.82) were achieved by sample 16. The lower percentage removal of acid red-27 (32.82) by sample 16 was due to the higher initial concentration of acid red-27 (600 mg/L) used in this work. Samples 10 and 16 of the prepared activated carbon fiber were named as ACF-10 and ACF-16, respectively.
Pore characteristics: The number of pores, average pore diameter, micropores % and mesopores % have significant effects on the surface area and adsorption ability of activated carbon. Therefore, these variables were calculated for the 16 samples of activated carbon fiber and listed in Table- 3. This table demonstrates that sample 10 of activated carbon fiber has the largest micropores %. This is a reasonable explanation for the highest percentage removal of 4-nitrophenol by this sample. Micropores are more effective for adsorption of phenols [68] . It can be seen from the table that the prepared ACF-16 has a significant mesopores % which are preferred for adsorption of large compound such as dyes and humic acid [68] . The superior mesopores % with the highest surface area (5435 m 229  230  231  232  233  234  235  236  237  238  239  240  241  242  243  244  245  246  247  248  249  250  251  252  253  254  255   256   257  258   259  260   261  262  263  264  265  266  267  268  269  270  271  272  273  274  275  276  277  278  279  280  281  282  283  284  285  286  287  288  289  290  291  292  293  294  295  296  297  298   5 ANNOVA analysis was also applied to investigate the effects of some important preparation parameters on the pore structure of the prepared activated carbon fiber. The ANNOVA graphs of the impact of some selected experimental conditions on the number of pores, average pore diameters, micropore % and mesopores % are represented in the Figs. 1-4 , respectively. These figures will be used to explain the experimental parameters on the selected responses in the following sections.
Amount of oxygen content: The amount of oxygen content in the adsorbent plays an important role in the adsorption of phenolic compounds [68] . Therefore, the percentages of oxygen in the chemical composition of prepared samples of activated carbon fiber were measured by EDX-analyzer and summarized in Table-3 . These results will be used to explain the effect of preparation parameters on the adsorption ability of the prepared activated carbon fiber towards 4-nitrophenol. The effect of some operation factors on the amount of oxygen content on the prepared activated carbon fiber was investigated and illustrated in Fig. 5 , this figure will be used to explain the effect of experimental parameters on the percentage removal of 4-nitrophenol on the prepared activated carbon fiber samples. Optimization of activated carbon fiber preparation with the highest surface area: The results of ANNOVA analysis for the effects of operation parameters on the surface area of the prepared activated carbon fiber are presented in Table-4 and Fig. 6 . The P value obtained designates whether the parameter will affect the response of activated carbon fiber or not. If the P-value is lower than 0.05, it means that this factor is significant to the response [69] . It can be observed from this table that only the concentration of the chemical agent (P = 0.007) and carbonization temperature (P = 0.028) were significant factors for the surface area of the prepared activated carbon fiber and the most important parameter was the concentration of ZnCl2. Activation time, activation temperature and the nitrogen flow rate have less influence than concentration of the chemical agent and carbonization temperature. Fig. 6 showed that the increasing activation temperature up to 600 °C increases the surface area. This is due to increasing the number of pores and mesopore % since elevated activation temperature from 500 to 600 °C creates new pores and converts the old micropores to mesopores as illustrated in Figs. 1, 3 and 4 (parameter A).
In contrast, increasing the activation temperature until 700°C decreases the surface area. This comes from the collapsing of the mesopores, when the activation temperature is increased 299  300  301  302  303  304  305  306  307  308  309  310  311  312  313  314   315  316  317  318  319  320   321  322  323  324  325  326  327  328  329  330  331  332  333  334  335  336  337  338  339  340  341  342  343  344 over 600 °C as observed in Fig. 4 , which represents the impact of the activation temperature on mesopores %. Further increasing this parameter up to 800 °C, increases the porosity of the prepared samples. Fig. 1 (parameter A) represents the relationship between activation temperature and number of pores whereas Fig. 3 (parameter A) presents the effect of this parameter on micropores %. This leads to an increase in the surface area (Fig. 6) . The results obtained in our work are almost in agreement with the results observed by Tay et al. [70] . However, it can be observed from Table-2 and Fig. 6 that the optimum activation temperature with respect to the highest surface area is 800 °C. Fig. 6 shows that raising the concentration of ZnCl2 from 5 to 50 % w/v increases the surface area of the prepared activated carbon. This is due to increasing the porosity of the samples produced as can be observed in Fig. 1 (parameter B) . Fig. 1 (parameter B) shows that the number of pores on the surface of the prepared activated carbon increased with increasing concentration of ZnCl2. Moreover, the increase of activation agent concentration improves the adsorbent surface area because the role of the chemical agent is to reduce the formation of tars and any other liquid that could block the pores and inhibit the porous structure development within the adsorbent [63] . It was reported that the surface area of the activated carbon prepared from sewage sludge increased with increasing the concentration of the activation agent [32] . Tay et al. [70] found the same results in their work on activated carbon prepared from digested sewage sludge and coconut husk. Table-2 and Fig. 6 show that the optimum value of ZnCl2 concentration is 50 % w/v. Fig. 6 illustrates that the enhancement of nitrogen flow rate decreases the surface area of the resulting samples. This may be due to the collapse of the wall of the mesopores [22] .
The optimum value for this factor is found to be 100 mL/min. Fig. 6 (parameter D) indicates that the surface area of the samples slightly decreases when activation time is increased from 30 until 60 min. This response sharply increases when this variable is increased up to 120 min. Increase in activation time over 120 min reduces the surface area of the products. This is due to some of the mesopores collapsing. Therefore, the number of pores decreases, which leads to decreasing surface area of the prepared samples' (Fig. 1 parameter D) . Furthermore, in Fig. 1 (parameter D) activation until 120 min is shown to enhance the porosity of the resulting samples. Similar results were observed previously by other researchers [45, 69] . The optimum value of activation time is 120 min. Fig. 6 (parameter E) demonstrates the ANNOVA results regarding the effect of carbonization temperature on the surface area of the prepared activated carbon fiber. The results show that the surface area of the prepared activated carbon increases with increasing this factor from 250 to 300 °C. The obtained increase in the surface area perhaps comes from the separation of volatile materials from the coconut. This creates additional pores leading to increasing the surface area [45] . In contrast, this response decreases when the carbonization temperature is increased over 300 °C. This is due to shrinkage of carbonized char structure. Similar results were also reported [45] . The optimized value for this factor is found to be 300 °C.
Optimization of activated carbon fiber preparation with superior adsorption of 4-nitrophenol: Values of the sum square, F, P and contribution percentage are summarized in Table-5 . These values indicate that both activation temperature and concentration of the agent have significant influences on the adsorption efficiency of the prepared activated carbon fiber to 4-nitrophenol. Similar results were reported by previous workers [1, 69, 70] . The nitrogen flow rate, activation time and carbonization temperature have negligible effects on the adsorption ability of the samples produced. Tan et al. [1] and Tay et al. [70] found that the activation time has an insignificant effect on the adsorption affinity of their products to phenol. The most significant factor affecting the adsorption ability of the prepared activated carbon fiber towards 4-nitrophenol is the concentration of the activation agent (parameter B).
The average pore diameter and the amount of oxygen of the activated carbon play an important role in the adsorption process. Therefore, the effects of some preparation conditions on these two responses were also investigated and represented in the Figs. 2 and 5 .
The ANNOVA graph of the effects of experimental parameters on the percentage removal of 4-nitrophenol is demonstrated in Fig. 7 . As illustrated from Fig. 7 , that increasing 347  348  349  350  351  352  353  354  355  356  357  358  359  360  361  362  363  364  365  366  367  368  369  370  371  372  373  374  375  376  377  378 7 the activation temperature up to 700 °C, lead to increase in the percentage removal of the activated carbon fiber for 4-nitrophenol. On the other hand, excessive increase in this parameter over 700 °C decreases the performance of the prepared samples for this compound. The presence of oxygen in the structure of the activated carbons has a negative effect on their adsorption to phenols [66] . From Fig. 5 (parameter A) the percentage of oxygen content in the samples produced is shown to decrease and then increase when the activation temperature is increased in the range of 500-700 °C and 700-800 °C respectively. Therefore, it can be suggested that the results demonstrated in Fig. 5 represented the main reason for the increase and decrease in the percentage removal of 4-nitrophenol on the prepared activated carbon fiber samples when activation temperature is changed in the above mentioned range.
As shown in Fig. 7 , adsorption of the samples to 4-nitrophenol sharply decreases when the concentration of the chemical agent is raised from 5 to 15 % w/v and slightly increases when this parameter is increased up to 30 % w/v. On the other hand, increasing the chemical activation agent over 30 % w/v stridently decreases adsorption efficiency of the samples produced. This can be explained by the results represented in Fig. 7 (parameter B) where the percentage of micropores, which have a positive effect on the adsorption of 4-nitrophenol decreased when the concentration of ZnCl2 is increased to 15 % w/v, while the % of micropores increased with increase of this factor up to 30 % w/v. It is also demonstrated in Fig. 3 (parameter B) that the raising of the activation agent concentration to 50 % w/v reduced the percentage of the micropores in the prepared samples.
Values of the sum square, F, P and percentage contribution are summarized in Table- 5. The nitrogen flow rate has no significant effects on the adsorption of the samples produced for 4-nitrophenol. Fig. 7 illustrates that a slight enhancement in the adsorption is obtained when nitrogen flow rate was raised up to 200 mL/min. It can also be observed that this ability is sharply decreased with increasing this factor to 300 mL/min. Nevertheless, increasing the nitrogen flow rate over 300 mL/ min improved this response for the samples produced. The effect of the nitrogen flow rate on the average pores diameter was investigated and the results of this investigation were presented in Fig. 2 (parameter C) . From this figure it has been shown that increase in this parameter up to 200 mL/min reduced the average pores diameter, which has negative effect on 4-nitrophenol adsorption. This response is sharply increased, when this factor was raised to 300 mL/min. It can also be observed from Fig. 6 (parameter C) that increasing this parameter up to 400 mL/min led to decreasing the average pores diameter.
Results of the ANNOVA analysis are summarized in Table- 5, demonstrating that the activation time has negligible effect on the adsorption of activated carbon fiber. Similar observations were reported previously [1, 70] . Fig. 7 illustrates that enhancing the activation time up to 2 h led to improvement on the adsorption performance of the prepared samples. While, increasing this variable over 2 h reduced the 4-nitrophenol adsorption affinity on the activated carbon fiber. The influence of activation time on the amount of oxygen content in the samples produced were also investigated and represented in Fig. 5 (parameter D) . Since the efficiency of the adsorbent to 4-nitrophenol adsorption decreased with increasing oxygen content. Fig. 5 (parameter D) gives a reasonable explanation for increasing and decreasing the adsorption ability of the activated carbons observed when the activation time was increased up to and over 2 h. The results observed throughout this work are in agreement with the work of Phan et al. [45] .
Results of the ANNOVA analysis in Table-5 indicate that the carbonization temperature parameter had no significant influences on the adsorption of the prepared samples for 4-nitrophenol. As shown in Fig. 7 , adsorption affinity of the samples is increased when the carbonization temperature was increased up to 400 °C. In contrast, it can also be seen that this response is reduced at temperatures over 400 °C. The consequential increase in this response came from decreasing amount of oxygen content in the resulting char, Fig. 5 (para- 434  435  436  437  438  439  440  441  442  443  444  445  446  447  448  449  450  451  452  453  454  455  456  457   458  459  460  461  462  463  464  465  466  467  468  469  470  471  472  473  474  475  476  477  478  479  480  481  482  483  484  485  486  487  488  489  490  491  492  493  494  495  496  497  498  499  500  501  502  503 8 meter E). A decrease in the adsorption performance at over 400 °C is explained by the decrease in the surface area of the prepared samples (Fig. 6) . Fig. 7 demonstrates that the optimization of the activated carbon fiber preparation with highest percentage removal for 4-nitrophenol was found to be 700 °C as activation temperature, 50 % chemical agent concentration, 200 mL/min nitrogen gas flow rate, 2 h activation time and 400 °C carbonization temperature.
Optimization of activated carbon fiber preparation with superior adsorption of methylene blue: Values of F, P and percentage contribution are listed in Table-6 , which show that the percentage removal of methylene blue is significantly affected by carbonization temperature and the concentration of the chemical activator. Meanwhile, nitrogen flow rate, activation temperature and activation time have the least effect on the adsorption of the prepared activated carbon fiber.
Tan et al. [1] reported that the efficiency of the prepared adsorbent was considerably affected by the concentration of the chemical activator and was not affected by the activation time. Fig. 8 illustrates the effects of the experimental variables on the percentage removal of methylene blue from aqueous solution. It can be seen from Fig. 8 that the percentage removal of methylene blue increases, decreases and increases when activation temperature is raised in the range of 500-600, 600-700 and 700-800 °C, respectively. This can be explained by the similar changes obtained for surface area and average pore diameter when activation temperature is increased in the abovementioned ranges. Effects of activation temperature on average pores diameter and surface area are illustrated in Figs. 2 and 6 (parameter A), respectively. It has been reported previously that the methylene blue adsorption is strongly affected by adsorbent surface area and average pore diameter [71] . From  Fig. 8 , the optimum value for activation temperature is 800°C. Fig. 8 demonstrates that adsorption of methylene blue on the activated carbon fiber samples increases as the concentration of the activation agent is increased. This is due to the increase in surface area (Fig. 6) which has a significant effect in the adsorption process. Optimum value of ZnCl2 concentration used in this work is 50 % w/v. It was also reported that adsorption of methylene blue increases with increase in activation agent concentration [1] . Fig. 8 shows the results of ANNOVA analysis for the effect of the nitrogen flow rate on the adsorption performance of the activated carbon fiber samples. Enhancing the nitrogen flow rate from 100 to 200 mL/min increases the adsorption efficiency of the produced samples. This response decreases as the nitrogen flow rate is increased up to 300 mL/min. On the other hand, raising this factor more than 300 mL/min increases the adsorption ability of the prepared activated carbon fiber. These results can be explained by the results presented in Fig. 4 (parameter C), where parameter C demonstrated that the effect of nitrogen flow rate on the percentage of mesopores which has a significant effect on the adsorption of methylene blue.
The results of ANNOVA analysis for the effect of activation time on the percentage removal of methylene blue by the activated carbon fiber are presented in Fig. 8 . The results demonstrate that the methylene blue uptake improves with increasing activation time of up to 1 h. Additional increase in this parameter over 1 h decreases the percentage removal of methylene blue. From Fig. 2 the parameter D which illustrates the effect of activation time on the average pores-diameter, indicated that activation until 1 h enhanced the average poresdiameter, which has significant effect in adsorption of methylene blue. Meanwhile the average pores-diameter is reduced when activation time was extended to 4 h. The ideal value for this parameter is shown to be 2 h.
Results presented in Fig. 9 indicate that increasing carbonization temperature from 250 to 300 °C increases the adsorption ability of activated carbon fiber samples towards methylene blue. The increase in surface area of the prepared samples has resulted in more efficient adsorption process as shown in Fig. 6 . Carbonization temperature exceeding to 500 °C decreases the methylene blue adsorption. This is due to a decrease in the surface area of the activated carbon fiber samples when this parameter was increased to over 300 °C as demonstrated in Fig. 6 . Optimization of activated carbon fiber preparation with superior adsorption of acid red-27: Results of the ANNOVA analysis for the adsorption of acid red-27 dye (AR-27) on the 16 activated carbon fiber samples are shown in Table-7 and Fig. 9 . Table-7 confirms that the concentration of the chemical activator and carbonization temperature contributed 52.83 and 37.42 %, respectively, thus having considerable effects on the adsorption of acid red-27 by the prepared activated carbon fiber. Nitrogen flow rate, activation temperature and activation time have insignificant effects. From Fig.  9 , increasing the activation temperature up to 600°C increases the adsorption ability of the prepared activated carbon fiber samples. This is due to the increase in the surface area and average pore diameters that have significant effects on the adsorption process as illustrated in Figs. 6 and 2 (parameter A). On the other hand, increasing activation temperature up to 700 °C reduces the adsorption ability of the prepared activated carbon fiber samples as a result of decrease in the average pores diameter and surface area of these samples. For additional rise in activation temperature of up to 800 °C, the uptake of acid red-27 dye is improved. Fig. 9 shows that an increase in the concentration of ZnCl 2 from 5 to 50 % w/v causes improvement in the percentage removal of acid red-27 by the activated carbon fiber samples. This is as a result of the increment in the surface area which contributes to the efficient adsorption process as presented in Fig. 6 .
Increasing the nitrogen flow rate until 200 mL/min increases the adsorption ability of the prepared activated carbon fiber samples. This increase is attributed to the enhanced porosity of the adsorbents prepared which has a significant effect in the adsorption process, as demonstrated in Fig. 1 (parameter C). Exceeding this factor to over 200 mL/min reduces the adsorption ability. Since an increase in the nitrogen flow rate in the range of 200-400 mL/min decreases the number of pores on the surface of activated carbons as illustrated in Fig. 1 (parameter C).
Results presented in Fig. 9 illustrate that the adsorption ability of the prepared activated carbon fiber samples increases with exceeding the activation time to 2 h. This is due to increasing the surface area which resulted in more effective adsorption as presented in Fig. 6 . Increasing this factor up to 4 h diminishes the adsorption ability of the activated carbon fiber samples. A larger increase in this parameter reduces the surface area of the produced activated carbon fiber as shown in Fig. 6 . Fig. 9 shows that increasing the carbonization temperature up to 300 °C increases the adsorption ability of the prepared activated carbon fiber samples. This is due to an increase in the surface area, thus enhancing the adsorption process as shown in Fig. 6 . A further increase in this factor up to 500 °C decreases the adsorption ability of the prepared activated carbon fiber samples as a result of decreasing surface area of the produced activated carbon as demonstrated in Fig. 6 . The results obtained in this work are in agreement with the reported results [45] . Fig. 9 illustrates that the optimized activated carbon fiber for removal of acid red-27 from aqueous solutions can be prepared at 800 °C activation temperature, for 2 h activation time, 50 % activation agent concentration, 200 mL/min nitrogen gas flow rate and 300 °C carbonization temperature.
Surface morphology: Scanning electron microscope (SEM) images of the precursor (coconut raw fiber), ACG, ACF-16 and ACF-10 are illustrated in Fig. 10 . It can be seen from Fig. 10(a) that no pores are observed on the surface of the precursor. Fig. 10(b) demonstrates that ACG surface contains macropores, while in Fig. 10(c) a number of large pores in a honeycomb shape can be observed on the surface of the ACF-16. Fig. 10(d) shows the pores on the surface of ACF-10. Similar results have been reported previously with activated carbon prepared from coconut husk [1] .
Conclusion
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